We suggest that, similar to the many applications of chiral effective Lagrangian made recently to semileptonic decays of heavy hadrons involving Goldstone bosons, chiral symmetry can also be applied to many-body nonleptonic decays of heavy hadrons. As examples we establish the chiral effective Hamiltonian for some typical many-body nonleptonic decays of bottom hadrons. We discuss the lowest-order contributions coming from such a Hamiltonian. We emphasize that wide applications of this method are possible.
Introduction
Recently, there has been progress in establishing a chiral perturbation theory incorporating heavy quark symmetry to study the interactions of heavy hadrons with Goldstone bosons [1] [2] [3] .
This method has been applied to various processes, in particular, to semileptonic decays such as B → πeν, B → Dπeν and Λ b → Λ c πeν [1] [2] [3] [4] . Though the Goldstone bosons in these decays are quite energetic in most kinematic region, there is always a region of the Dalitz-plot where the Goldstone bosons are soft and where it is possible to apply chiral symmetry.
In this letter, we point out the possibility of similar applications of chiral effective Lagrangians to many-body nonleptonic decays of heavy hadrons involving Goldstone bosons. As far as we know, little attention has been paid to this type of applications. In [5] , two-body heavy-flavor-conserving nonleptonic decays of charmed baryons has been studied using the chiral effective Lagrangian. Here we look at the heavy-flavor-changing nonleptonic decays of heavy hadrons. In two-body nonleptonic decays of heavy hadrons, the Goldstone boson momenta are fixed and are quite large. However, in three(or more)-body nonleptonic decays, there is also always a region where the Goldstone bosons involved have low energies. Chiral symmetry can be applied in this region. Among the hadronic decays there are many such examples, for instance,
Chiral effective Lagrangian for heavy hadrons
The chiral effective Lagrangian for heavy hadrons containing one heavy quark has been studied by several authors [1] [2] [3] 6 ].
The lowest-order chiral effective Lagrangian of heavy hadrons (meson and baryon) which incorporate both heavy quark symmetry and chiral symmetry is [1] [2] [3] 6 ]
Higher-order terms which break the chiral symmetry and heavy quark symmetry can be added systematically [1, 6] . However, here we work only in the leading order in both the Goldstone momentum and 1/m Q expansions (m Q is the heavy flavor mass). The notation in (1) is the following: For meson filed H i with heavy quark Q (i is the light-quark index, the so-called "
Goldstone index "),
H i is also a 4 × 4 matrix with respect to the Dirac index (See, for example, [1] )
where P i nad P * iµ are the pseudoscalar and vector meson fields with velocity v. For D-mesons,
T r D implies a trace over Dirac indices and T r G that over the Goldstone indices. The covariant derivative, D µ , is defined as
with
The axial vector field A µ in (1) is
ξ is the 3 × 3 matrix for Goldstone bosons:
with f ≃ 0.132GeV.
The third to the last term in (1) are 3 × 3 matrices. For charmed baryons, for instance,
For spin 3/2 sextet baryons the matrix is similar. It is sometimes convenient to express antitriplet baryons as With respect to Dirac index, B3 ,6 are 4 × 4 matrices. The spin 1/2 and 3/2 sextet baryon fields with the same quark content can be combined together:
A Dirac index µ for sextet baryons is needed to indicate the spin of light quarks [7] . In this letter, however, we sometimes omit this index for simplicity. The covariant derivative D µ acts on baryon fields similarly to (5):
Under chiral SU(3) L ×SU(3) R transformation, the various quantities given above transform as:
In (13) we have used the row matrix form for the heavy meson field:
lowest-order chiral effective Lagrangian in (1) is invariant under the transformations in (13) . It is also invariant under heavy quark spin transformation [1] [2] [3] .
Chiral effective Hamiltonian of weak nonleptonic decays of bottom hadrons
In this section we write down the chiral effective Hamiltonian for some typical weak nonleptonic decays of bottom hadrons.
We consider here the Cabibbo-favored decays of type ∆b = −1, ∆c = 0, ∆s = 1, i.e. decays of type b → ccs in the free quark case. The effective Hamiltonian in which both b quark and c quark are considered as heavy in comparison with the QCD scale Λ QCD has been studied in [8] :
with Γ µ = γ µ (1 − γ 5 ). In (14), α and β are color indices, C v indicates the heavy quark field for b quark with velocity v, and the ellipsis represents terms which can be neglected in our discussion.
It is obvious that
. Knowing the transformation property of H ef f , we can then construct the lowest-order chiral effective Hamiltonian on the hadron level which transforms as (1 R ,3 L ).
A. BOTTOM BARYON DECAYS
We first study decays of a bottom baryon to a charmed baryon , a D meson and Goldstone and charmed baryons, and ξ represents one or more Goldstone bosons. Let us consider the Goldstone index for the moment. According to the transformation properties given in (13), we find that there are two possible ways to form a chiral effective Hamiltonian corresponding to (14) which transforms as (1 R ,3 L ):
where i = 3 corresponds to the s quark in (14). If one studies the Cabibbo-suppressed decays Consider now the structure of H 1 and H 2 of (15) in different cases:
It is easy to see that the term H 1 corresponds to the contribution calculated using the factorization assumption.
Thus H 1 does not contribute to B
Many SU(3) relations for two-body nonleptonic decays of type
be obtained immediately by setting ξ = 1. We have checked that these relations agree with those existing in the literature [9] .
Having established the dependence of the chiral effective Hamiltonian on the Goldstone index, we now incorporate the heavy quark spin symmetry in the chiral effective Hamiltonian. 
where Γ µ = γ µ (1 − γ 5 ) and N is the most general 4 × 4 matrix that can be constructed from v, v ′ ,v and γ-matrices. Following the arguments given in [8] to eliminate v ′ andv, one writes
Similarly, for the amplitude for Λ
The amplitude for decays involving a ξ-field in the final state can be described by an effective Hamiltonian H= H 1 + H 2 + ...
The ellipsis represents terms involving derivatives of ξ. Note also that we have dropped the second term in H 2 of (16) since it is the same as H 1 . N 1,2 in (23) have the same structure as (21):
A specific flavor combination in decays B 
The heavy quark spin symmetry constraints on these decays can similarly be built in by using the effective Hamiltonian
where N ρ can be most generally expressed as
Thus all decays in this class can be determined, to the lowest order, by 4 independent amplitudes.
Analogous to (25) these decays are generated in the lowest order in Goldstone boson momenta by
where
where N ρλ can be expressed as
N ′ ρλ has the same structure.
To get explicit expressions for the amplitudes with Goldstone bosons in the final state, one uses the expansion
If ξ + = 1 is put in (23) 
The next-order contribution comes from the derivative terms we have neglected and the pole terms. In subsection D we will give an example of how to calculate the pole terms. were first studied in [11] .
C. B-MESON DECAYS TO TWO CHARMED MESONS AND GOLDSTONE BOSONS
Here we discuss
Requiring again that the chiral effective Hamiltonian transforms as
we find (paying attention only to Goldstone indices):
There are five flavor combinations for two-body decays, obtained by setting ξ = 1 in (33): We now look at B-meson decays to two charmed mesons plus one Goldstone boson. The on Goldstone index is obtained by setting ξ 
